Susceptibility to neuron cell death associated to neurodegeneration and ischemia are exceedingly increased in the aged brain but mechanisms responsible are badly known. Excitotoxicity, a process believed to contribute to neuron damage induced by both insults, is mediated by activation 
Introduction
Excitotoxicity is one of the most important mechanisms contributing to neuronal damage and cell death in neurological insults such as ischemia, and in some neurodegenerative diseases such as Alzheimer's disease 1 . This type of neurotoxicity is mainly mediated by glutamate acting on Ca 2+ -permeable, ionotropic NMDA receptors (NMDAR) 2 . Exposure of cultured neurons to glutamate can lead to excitotoxicity 3 , which causes neuronal apoptosis 4 . We and others have previously reported that neuronal vulnerability to NMDA-induced apoptosis may change with development in vitro and aging [5] [6] [7] [8] .
It is widely accepted that an increase in the cytosolic-free Ca 2+ concentration ([Ca 2+ ] cyt ) leads to cells activation. However, if this rise is too high and/or sustained enough, it can trigger cell death 9 . Moreover, it has been proposed that excitotoxicity requires mitochondrial Ca 2+ uptake 10 , since treating neurons with a mitochondrial uncoupler protected neurons against glutamate-induced cell death 11 . If mitochondria take up too much Ca 2+ , the opening of the mitochondrial permeability transition pore may occur, leading to release of cytochrome c and other proapoptotic factors, and inducing apoptosis. We have recently shown that this mitochondrial Ca 2+ uptake is directly related to the age-dependant susceptibility to excitotoxicity, by directly measuring NMDA-induced mitochondrial Ca 2+ uptake in single hippocampal neurons 5 , a method which is reported in this article. The hippocampus, involved in physiological processes such as learning, memory and other cognitive processes 12 , is highly vulnerable to aging and neurodegenerative disorders 13 . It has been proposed that, after several weeks in vitro, cultured hippocampal neurons show a number of typical characteristics of aged neurons 14 . Accordingly, long-term cultured hippocampal neurons may provide a comprehensive model to investigate Ca 2+ -mediated mechanisms of enhanced excitotoxicity in aging. with 10% fetal bovine serum, 2 % B27, 1 µg/ml gentamicin and 2 mM L-glutamine. 5. Place the coverslips in the multidish plate. Maintain them in a humidified 37 ºC and 5% CO 2 incubator until use.
2. Isolation of hippocampal neurons from neonatal rats.
1. Prepare 1.8 ml papain solution (directly purchased) in a vial (20 µl/ml) under sterile conditions: To obtain a final concentration of 20 µl/ ml add around 40 µl papain in 1.8 ml Hank's plus 0.6% BSA (µl should be calculated depending on the supplier conditions). Hank's 0.6% BSA is prepared by mixing 85 ml of HBSS medium with 15 ml of 4% bovine serum albumin (BSA, prepared solving 4 g of BSA in 100 ml HBSS). Prepare it in a sterile hood. medium. 6. Discard meninges carefully with the help of dissection forceps and under a magnifying glass. 7. Identify the hippocampus in a characteristic concave location over the cortex using magnifying glass. Then, separate the hippocampus from the cortex by pulling carefully from one border and removing it from its position using eye scissors. 8. Transfer the hippocampal tissue to a 4-well plate filled with sterile Hank's medium lacking Ca 2+ and Mg 2+ plus 0.6% BSA and wash hippocampal tissue. Without removing the media cut the tissue in small pieces (around 2 x 2 mm) using the same eye scissors. 9. Transfer hippocampal pieces to a vial containing 1.8 ml pre-filtered papain solution. Then incubate them at 37 ºC with occasional, gentle shaking. 15 min later, add 90 µl of DNase I solution (50 µg/ml final) and incubate for 15 additional min. 10. Transfer the tissue to a 10 ml centrifuge tube and wash the fragments with fresh Neurobasal Culture Medium. Obtain cell suspension by passing tissue fragments through a 5 ml plastic pipette. 11. Centrifuge cell suspension at 160 x g for 5 min. Remove the supernatant using a plastic sterile Pasteur pipette and suspend pellet carefully with a 1 ml automated pipette in 1 ml of Neurobasal Culture Medium. 12. Measure cell density using a Neubauer counting chamber. Put the glass coverslip over the Neubauer chamber. Add 10 µl of cell suspension. Make sure the cell suspension enters the chamber uniformly and making no bubbles. Count the number of cells under the microscope and perform corresponding calculations to obtain a suitable drop of 40-80 µl containing 30 x 10 3 cells. The total number of cells will depend on the number of animals used.
3. Short-term and long-term culture of rat hippocampal neurons. ] mit ) using the algorithm described by Brini et al. ] mit is calculated using the following algorithm:
L is the luminescence emitted at the time of measurement in each region of interest. L total is the total luminescence remaining after addition of the counts present in the tissue at that time at the time of measurement for each region of interest. λ, K TR , K R and n are constants whose values depend on combination of aequorin (wild type or mutated) and coelenterazin used (wild type or n type) as well as the recording temperature 16 . For the combination used here (mutated AEQ and coelenterzine n), at 37 ºC, we used the following values: K R = 8.47 x 10 6. Make the corresponding calculations for estimating the size of the rises in bioluminescence in response to each stimulus using a suitable data analysis and graphing software.
Representative Results
Here we describe a simple method to assess Ca 2+ remodeling and the effects of NMDA on cytosolic and mitochondrial [Ca 2+ ] in aged neurons. Figure 1 shows the schematic of the procedure for isolating and culturing hippocampal neurons from neonatal rats. Before starting, we need to prepare sterile, poly-D-lysine coated, glass coverslips and locate them in a 4-well dish. Then, neonatal rats are killed and the brain removed. After isolating the hippocampus, tissue is carefully dispersed using papain. Isolated cells are washed and plated on coated coverslips. Then cells are cultured for 2-5 DIV or >15 DIV to get young or aged cultures, respectively, and used for Ca 2+ imaging experiments.
Using the above strategy, it is possible to have young and old neurons from the same specimen to test, for example, whether NMDA induces differential effects on cytosolic [Ca 2+ ] in young cultures than in older cultures. Figure 2 shows that NMDA 100 µM induces larger increases in cytosolic [Ca 2+ ] in older cultures than in young cultures. Likewise, NMDA induces cell death in old neurons but not in young neurons 5 . In cases where Ca 2+ responses are very high, similar experiments can be carried out with Ca 2+ probes with less affinity for Ca 2+ to avoid dye saturation like, for instance fura4F 5 . In the same manner, it is also possible to learn whether resting levels of cytosolic [Ca 2+ ] are different. Moreover, the combination of this protocol with quantitative immunofluorescence using antibodies specific for NMDAR subunits may allow correlate changes in responsiveness with differences in expression of NMDA receptor subunits provided that specific antibodies are available 5 . Measurements of cytosolic [Ca 2+ ] can be used also for assessing other relevant parameters including Ca 2+ store content, resting permeability to Ca
2+
, Ca 2+ clearance rates and their possible differences between young and aged neurons.
In a similar fashion, it is also possible to test the effects of such stimuli on mitochondrial [Ca 2+ ]. Figure 3 shows an example of bioluminescence imaging of hippocampal neurons transfected with mitochondria-targeted aequorin. Release of photonic emissions after stimulation is a function of the rise in mitochondrial [Ca 2+ ] achieved. Notice that NMDA-induced rises in mitochondrial [Ca 2+ ] are much larger in aged neurons than in young hippocampal neurons, where NMDA barely increases photonic emissions. These results may contribute to explain why NMDA induces apoptosis only in aged neurons but not in young cultures of hippocampal cells 5 . In the same manner, it is possible to test for additional differences in mitochondrial Ca 2+ handling between young and aged neurons using protocols specifically designed to test, for instance, Ca 2+ exit from mitochondria, mitochondrial Ca 2+ uptake in permeabilized neurons and mitochondrial Ca 2+ uptake induced by Ca 2+ release from intracellular stores. Moreover, this methodology could be used to test for drugs affecting mitochondrial Ca 2+ overload that can be of interest for neuroprotection against excitotoxicity. 
Discussion
The remodeling of intracellular Ca 2+ homeostasis in the aging brain has been related to cognitive loss, increased susceptibility to ischemic damage, excitotoxicity and neurodegeneration. ] may vary from below the µM to above the mM level. In those cases, protein based, mitochondria-targeted probes have been developed as, for instance, aequorin. This probe is particularly interesting since its affinity for Ca 2+ can be finely tuned to monitor very low or very high [Ca 2+ ] like the ones reached inside mitochondria in resting and stimulated conditions, respectively. Specifically, it is possible to select either the wild type aequorin or a mutated aequorin without Ca 2+ binding sites to modify the affinity. Fine tuning is achieved when different coelenterazines (wild type, h, n) are used in combination with different aequorins 17 . However, whereas the use of fluorescence for Ca 2+ imaging is widespread, monitoring bioluminescence is not straightforward and may require photon counting cameras. Fortunately, aequorin probes, like the one used here, have been improved to co-express GFP 18 that a high sensitive photon counting camera is available. Figure 2 shows examples of bright field, GFP fluorescence and bioluminescence images of young and aged in culture hippocampal neurons. Also shown are the increases in mitochondrial [Ca 2+ ] induced by NMDA recorded in transfected hippocampal neurons. Notice that the effect of NMDA is much larger in aged cultured neurons than in young neurons. In other cases, the efficiency of the transfection can be increased by using virus-derived vectors 16, 18 . Alternatively, the development of transgenic mice harboring protein-based, subcellular Ca 2+ probes is an emerging option for future approaches, perhaps even in vivo.
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